I
t is known that patients at the early stage of Parkinson's disease (PD) already have impairments in cognitive performance. These impairments can be found especially in tests measuring frontal lobe functions and memory but, as the disease proceeds, they can lead to an overall cognitive decline and dementia. [1] [2] [3] The pathophysiological basis of the cognitive deficits in PD is unclear. A magnetic imaging (MRI) study found that nondemented patients with PD had more global brain volume loss than controls, and this was related to global measures of cognitive decline. 4 MRI studies reporting hippocampal volumes have shown that PD is associated with hippocampal atrophy, 5 and related to impaired memory. 6 7 However, the patients in these studies were on antiparkinsonian medication and had suffered from the disease for at least five years. There has been no information about the possibility of hippocampal atrophy in the early unmedicated stages of PD. Furthermore, because PD is associated especially with impaired frontal lobe functions, we hypothesised that if there was prefrontal atrophy it would be related to impairment in tests requiring frontal lobe functions.
SUBJECTS AND METHODS
The patient sample consisted of 20 non-demented patients (seven women and 13 men) with idiopathic PD at an early stage of the disease. The patients were diagnosed at the department of neurology, University of Turku and had at least two of the main symptoms of PD: tremor, rigidity, and hypokinesia. None of the patients exhibited atypical symptoms. 8 All patients fulfilled the UK Parkinson's disease brain bank criteria for definite PD. None of the patients had received antiparkinsonian medication before the examinations. After the MRI and the neuropsychological tests, all the patients were treated with dopaminergic medication with a positive response. The control population included 22 healthy volunteers (13 women, nine men); they had no history of neurological or psychiatric diseases. The patients and the controls did not differ in education level. Table 1 shows the clinical characteristics of the patients with PD and the controls. All patients and controls gave their written informed consent. The study protocol was approved by the joint ethics committee of Turku University and Turku University Hospital, Finland.
All patients and controls were scanned with a 1.5 Tesla MRI device (GE Signa Horizon LX EchoSpeed, Milwaukee, Wisconsin, USA). 3D FSPGR (fast spoiled gradient echo) sequencing was used for image analysis. Imaging parameters were as follows: TR 11.3 ms, TE 4.2 ms, flip angle 20, one acquisition, data acquisition matrix 256 6 192, the slice thickness was 1.2 mm, FOV 22 6 17.6 cm; 124 contiguous axial slices with no interslice gap were obtained. The visual analysis was performed by using reconstructed coronal and axial images. The degree of atrophy was evaluated separately on both sides by an experienced neuroradiologist (TK) on a SUN workstation monitor. The evaluator was blinded to the identity, sex, age, and diagnosis of the subjects. The rater was instructed that the subject population consisted of neurological patients and healthy controls in a random order. Hippocampal atrophy was evaluated from coronal T1 images according to Scheltens et al, 9 a highly reliable method for hippocampal atrophy rating. 10 Atrophy of the prefrontal cortex was similarly evaluated by a zero to four visual scale from axial T1 images. The visual evaluation of atrophy has previously been used in the frontal cortex and has been found to be reliable. 11 In both scales zero corresponded to no atrophy and four to very severe atrophy. Subjects with massive white matter changes were excluded from our study. The stratified Mann-Whitney U test was used to compare the atrophy scores between the patients with PD and the controls. Stratification was made by three groups (48-59 years, 60-68 years, and 69-78 years) to adjust for the confounding effect of age. Exact p values were used in stratified Mann-Whitney U tests. The age differences were tested with the t test and the differences in sex distribution with the x 2 test. MMSE scores between groups were compared with the Mann-Whitney U test. p Values less than 0.05 were considered significant. Correlations were calculated using the Spearman rank order. Our correlation analyses were hypotheses driven (hippocampal atrophy associated with memory impairment and prefrontal atrophy with impairment in frontal lobe functions) and thus p , 0.05 was considered significant despite several correlation calculations. Statistical computations were done with the SAS System for Windows, version 8.02 and StatXact, version 5.0.
RESULTS
We found that the patients with PD had more atrophy in the hippocampus and the prefrontal cortex compared with controls. These differences were seen in both hemispheres. Table 1 shows the mean atrophy scores.
To test whether hippocampal atrophy was related to performance in tests related to memory, we calculated the correlation between hippocampal atrophy and the performance in Word-List Memory, Word-List Recall, Word-List Savings, Word-List Recognition, Praxis Recall, Praxis Savings, DEL, VEM, and VIM. Similar correlations were calculated between prefrontal cortex atrophy and verbal fluency, attention/concentration, and vigilance, functions thought to be mainly under frontal control. We found a significant negative correlation between left hippocampal atrophy and VEM (r = 20.56, p = 0.01). A similar, although borderline, result was seen between left hippocampal atrophy and DEL (r = 20.47, p = 0.05). In the right hippocampus, no significant correlations were seen between neuropsychological tests and atrophy. A clear positive correlation was found in both hemispheres between prefrontal cortical atrophy and the increased reaction time in the test measuring vigilance (right: r = 0.49, p = 0.02; left: r = 0.51, p = 0.02). No other significant correlations were seen in the prefrontal cortex. Table 1 shows the mean MMSE results. Even though the patients had significantly lower MMSE scores, none had a value that would indicate dementia, and the results of a comprehensive neuropsychological test showed that none of the patients was demented. In addition, none of the patients with PD met the clinical criteria for dementia defined by the Diagnostic and Statistical Manual of Mental Disorders. The MMSE scores of the controls and the patients were not associated with the atrophy scores probably because of the narrow range values in both groups.
DISCUSSION
Our study indicates that non-demented patients at the early stage of PD already have atrophy in the hippocampus and the prefrontal cortex. Our study also suggests that left hippocampal atrophy is related to impaired memory and prefrontal cortex atrophy is associated with the prolonged reaction time in tests measuring vigilance.
Our study is in agreement with previous studies that showed patients with PD to have atrophy in the hippocampus 6 7 and medial temporal lobe structures, 12 when compared with controls. However, we found similar results in the prefrontal cortex also, although the difference was smaller than in the hippocampus. In addition, we found these differences in patients with an average disease duration of 1.7 years, whereas in the previous studies the patients had had PD for a considerably longer time. 6 7 12 Previous studies have indicated that brain atrophy in PD is related to cognitive impairment. This has been shown in medicated patients with PD using volumetric MRI between global brain volume loss and global measures of cognitive decline, 4 between hippocampal atrophy and impaired memory, 6 and between hippocampal atrophy and impaired recognition memory and MMSE. 7 The association between brain atrophy and cognitive impairment is further supported by a previous study 5 in which the hippocampal volumes of patients with Alzheimer's disease, vascular dementia, PD with dementia, and PD without cognitive impairment were compared. It was found that the cognitively unimpaired patients with PD had atrophy when compared with controls, but to a lesser extent than patients with PD who also had dementia. Our study supports the previous studies and shows similar results in a larger PD patient sample with a significantly shorter mean disease duration (5.1 years 7 and 5.4 years, 5 our current study 1.7 years) and without antiparkinsonian medication.
We found an interesting relation between the prolonged reaction time in a test measuring vigilance (sustained attention) and prefrontal atrophy. Attention is considered to be part of the prefrontal executive functions and, in particular, the dorsolateral prefrontal cortex is more active in sustained attention. 13 14 There is little information about the relation between attention and frontal atrophy in PD, but an earlier study showed that right superior frontal atrophy predicted a poor performance in tests requiring attention in multiples sclerosis. 15 We found the correlation in PD in both hemispheres, but with a more accurate atrophy evaluating method a lateralisation might be seen between prefrontal cortex atrophy and sustained attention. Wahlund and Scheltens have compared visual rating to volumetry. Visual evaluation of brain MRI scans was shown to be as useful as volumetric measurement in evaluating hippocampal atrophy. 10 16 A similar technique was used in our present study to evaluate atrophy of the prefrontal cortex. Visual evaluation of the frontal lobes has been shown to have good inter-rater reliability. 11 In our study, the patient group consisted mainly of men, whereas the controls were predominantly women. However, this difference was not significant. It is possible that the differences in the sex distribution in patients and controls could affect the degree of atrophy as a result of the larger intracranial volumes and possibly larger hippocampus seen in men. 7 However, even with the current study groups the difference remained significant and the relative predominance of men in the PD group would, if anything, dilute the differences seen.
In conclusion, our study indicates that non-medicated and non-demented patients at the early stage of PD already have atrophy in the prefrontal cortex and in the hippocampus, as compared with controls. The prefrontal cortical atrophy seems to be related to the prolonged reaction time in tests measuring vigilance and the hippocampal atrophy to impaired memory.
